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Fig. 3
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Fig. 4

BM
)
( 720
Y ~—CF
Co o o o o >
o o o T O/’\/SO
D T D D D D [\/
1 — — — PE
——14
CE
T—13
1 | _—12
I = 11
i \ +-10
! '
I O I
Fig. 5
AA
D /
[ T
b | |
DE | "/ — \ | :
AL = |
SE— i ! | i CTH
| — |
GE he=d PE
| R ﬂ |
Huaiiniinine
iy
| L1 |



U.S. Patent

Mar. 22, 2016 Sheet 5 of 8 US 9,293,097 B2
[aN] — <t oD © Lo M~ [en)
A A A f 3
= M= = M= 1 Mfor -
[aa | cn + m 1 m —+ [ani| o+ m 1
— 4E:_| — — 4:}_{ — — -it}_{ — —
S+ [ | | S+ [do2| | o+ [dol | 5+
— = —= —H — —H —
[a'mi | o+ oo o+ oo o+ [l |
’ L 2 L 2 L 2 L
= M= = M= 71 M ar =
o+ oo | o+ ool oo+ o | o+
- ey - — — — —
(o] S+ [l O+ [do 2| S+ [do2my|
L] X L] X LI X LI
— — M — — — — —
o+ oo o+ o | o+ oo o~ +
— 4E:_| — — H—— — H —
(el | o+ | om 1 | o+ ool | o + ool e
A=T [T | =T [T =) [T [T
— — — — —] t — —
<>+ [ | <&+ <5 | <>+ [do 2| <> +
— A}}n- — A|_}Jl- — —H —
oo | o+ [ | | o+ oo | o+ [ |
— H— || — H— — = —
O~ _ sl | [ oo~ [aa D] sl o+
"| ) \‘»\‘ ‘::‘\ 'J'I > \‘~\ \::‘\ "| ey \\‘\\ \\\\: "| e
— o= || = | & e [
|c5~i~ a4+ CO~g &+ S T+ 5 T-»
=R == === o - =~ 1H
= e e TP
[a'mi o | | o+ e | o+ ™ | o- + ™~ -
,_| —— s | — e "| ~— [ "| —~
il 1
[
\j \J \J
T . z P 2 ¥ ¥ ¥
) é §<5 &' &' &' ' &' &' &'



US 9,293,097 B2

Sheet 6 of 8

Mar. 22, 2016

U.S. Patent

: y y
8 T T i \\ - 4 )
GA TG TG TTE TN N T TEN A G| )
g 0 ¥ g 9 Y g > Y NI
/- T T T T T T ._.// - T mt_wo
GO LG TG EEN T T T T EN T GG NS 1)
g 0 H g 9 H g n H alllal]| |4
9 T T + T T + T T + T T T VYQ_N@
GUETIENTTEN TGN T GO [ TG TE )] ()
g 0 H g ) H g 5 ¥ al 5011y
T g g Syt Gy O
MH T + T T + T T 1 T T - /Ll T m+xm®
G LLIEN TGN TGN TG [ {COf L TEN ] )] )
g ) H g 9 H g ) H alllal] A
W T T + T T + T e + T T + VN+xN@
GHIENTTEN TGN GO [T )] |(+)
g ) H g 9 H g ) Y al 5]y
C- T + T T + T T + T T T T Ixmo
RS IR RS RS R RIS AR RIS RS AR
g ) H g 5 H g n Y allla]l] A
z T T T T T T T T+ =t
GHIENTTEN TGN GO [T )] |(+)
g 3 H g ) H g 3 H g 3 4 [ xd
T e e ! g g
| - T T T T T T T T | iz
+ - - + - + - + - +

L 81



US 9,293,097 B2

Sheet 7 of 8

Mar. 22, 2016

U.S. Patent

dvN gy
{ ,
ﬂLw |||||| - __ -
GG IO | s
L LI Fs
3_&ﬂﬁ ﬁﬁ&_
AGIGIT 0101 L s
Sl gl .,
g [ il
VAT T IR IEEE
00€——
&

g "o



U.S. Patent Mar. 22, 2016 Sheet 8 of 8 US 9,293,097 B2

Fig. 9
PXII
GL-3 GL-2 SPX
™ [~
[ ] [
G-t i
N ~ !
_2 —
w57 9
[
SL
PE1
PE RL
I L | s
PE2
G/I_—1
_ -
S o= | =/
Gioper1 ~— \< !

o2 [ { {

i T Dj+1 T Dj+2 T Dj+3
d SPXC1 SPXC2 SPXC3

<



US 9,293,097 B2

1
DISPLAY APPARATUS

This application claims priority to Korean Patent Applica-
tion No. 10-2011-0104254 filed on Oct. 12, 2011, and all the
benefits accruing therefrom under 35 U.S.C. §119, the con-
tents of which are herein incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a display apparatus. More particu-
larly, the invention relates to a display apparatus capable of
improving its display quality.

2. Description of the Related Art

In general, a display apparatus includes pixel electrodes,
switching devices respectively connected to the pixel elec-
trodes, gate lines respectively connected to the switching
devices, and data lines respectively connected to the switch-
ing devices.

The gate lines apply gate signals to the switching devices to
turn on the switching devices, and the data lines apply data
signals to the pixel electrodes through the turned-on switch-
ing devices. To this end, the display apparatus includes a gate
driver applying the gate signals to the gate lines and a data
driver applying the data signals to the data lines.

A display apparatus employing two gate drivers has been
researched and developed. One of the two gate drivers applies
the gate signals to a part of the gate lines and the other of the
two gate drivers applies the gate signals to a remaining part of
the gate lines.

BRIEF SUMMARY OF THE INVENTION

Exemplary embodiments of the invention provide a display
apparatus capable of improving its display quality.

According to the exemplary embodiments, a display appa-
ratus includes a first substrate including a display area which
displays an image and a non-display area disposed adjacent to
at least a portion of the display area, a plurality of gate lines
which is disposed on the first substrate and receives a gate
signal, a plurality of data lines which is disposed on the first
substrate and receives a data signal, the data lines being
insulated from the gate lines while crossing the gate lines, and
aplurality of pixels disposed on the first substrate, each of the
pixels including sub-pixels arranged in two rows by three
columns. Among the sub-pixels arranged in the two rows by
the three columns, the sub-pixels arranged in one of the three
columns are respectively connected to a first pair of different
gate lines among three successive gate lines, and the sub-
pixels arranged in a different one of the three columns are
connected to a remaining gate line among the three gate lines.
The sub-pixels arranged in a remaining one of the three col-
umns are respectively connected to a second pair of different
gate lines among the three gate lines.

The sub-pixels arranged in a same column are connected to
two data lines, which are respectively disposed at a left side
and aright side of the sub-pixels arranged in the same column,
among the data lines.

The gate lines are divided into odd-numbered gate lines
and even-numbered gate lines, and the odd-numbered gate
lines transmit the gate signal to a first direction different from
a second direction to which the even-numbered gate lines
transmit the gate signal.

The data lines are divided into odd-numbered data lines
and even-numbered data lines, the odd-numbered data lines
receive the data signal having a positive polarity or a negative
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2

polarity, and the even-numbered data lines receive the data
signal having a polarity different from that of the odd-num-
bered data lines.

The display apparatus further includes a first gate driver
which is disposed in the non-display area and applies the gate
signal to the odd-numbered gate lines and a second gate driver
which is disposed in the non-display area and applies the gate
signal to the even-numbered gate lines.

Each of the sub-pixels arranged in a single one of the three
columns includes a red color filter, each of the sub-pixels
arranged in a different single one of the three columns
includes a green color filter, and each of the sub-pixels
arranged in a remaining single one of the three columns
includes a blue color filter.

The first gate driver sequentially applies the gate signal to
the odd-numbered gate lines, the second gate driver sequen-
tially applies the gate signal to the even-numbered gate lines,
and the second gate driver applies the gate signal to a first gate
line of the even-numbered gate lines after the first gate driver
applies the gate signal to a first gate line of the odd-numbered
gate lines.

The first gate driver sequentially applies the gate signal to
the gate lines which transmit the gate signal in the first direc-
tion, the second gate driver sequentially applies the gate sig-
nal to the gate lines which transmit the gate signal in the
second direction.

The display apparatus further includes a second substrate
facing the first substrate and a liquid crystal layer interposed
between the first substrate and the second substrate.

Each ofthe sub-pixels arranged in the two rows by the three
columns includes a thin film transistor which outputs the data
signal in response to the gate signal, a pixel electrode includ-
ing a first portion, a second portion bent from the first portion
and a plurality of slits, where the pixel electrode receives the
data signal, and a common electrode disposed between the
thin film transistor and the pixel electrode.

The thin film transistor includes a gate electrode which
protrudes from one of the gate lines when viewed in a plan
view, an active layer disposed on the gate electrode, a source
electrode which is disposed on the active layer, protrudes
from one of the data lines when viewed in the plan view and
partially overlaps with the gate electrode, and a drain elec-
trode which is disposed on the active layer, spaced apart from
the source electrode and overlaps with the gate electrode in a
width direction of the gate electrode.

The active layer includes a metal oxide material having a
semiconductor property

A planar area of the first portion of the pixel electrode is
greater than a planar area of the second portion of the pixel
electrode.

Each of the gate lines includes a first line portion disposed
adjacent to a first side of the pixel electrode in a plan view, a
second line portion disposed adjacent to a second side of the
pixel electrode in a plan view, and a connection line portion
which is disposed in the non-display area and connects the
first line portion and the second line portion.

One of the sub-pixels arranged in the different one of the
three columns is connected to the first line portion and a
remaining one of the sub-pixels arranged in the different one
of the three columns is connected to the second line portion.
A planar area of the first portion is the same as a planar area
of'the second portion.

According to the above, a polarity arrangement of the data
signals applied to the pixel electrodes may be optimized,
thereby improving the display quality of the display appara-
tus.
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In addition, since a capacitance between the gate electrode
and the drain electrode of the thin film transistor is uniformly
maintained and a parasitic capacitance occurring between the
data lines and the pixel electrodes is reduced, the display
quality of the display apparatus may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other advantages of the invention will
become readily apparent by reference to the following
detailed description when considered in conjunction with the
accompanying drawings wherein:

FIG. 1 is a block diagram showing an exemplary embodi-
ment of a display apparatus according to the invention;

FIG. 2 is a plan view showing an exemplary embodiment of
a display panel shown in FIG. 1;

FIG. 3 is an enlarged plan view showing an exemplary
embodiment of a pixel shown in FIG. 2;

FIG. 4 is a cross-sectional view taken along line I-I' shown
in FIG. 3;

FIG. 5 is an enlarged plan view showing portion AA shown
in FIG. 3;

FIG. 6 is a plan view showing an exemplary embodiment of
polarities of pixels shown in FIG. 2;

FIG. 7 is a plan view showing another exemplary embodi-
ment of polarities of pixels shown in FIG. 2;

FIG. 8 is a plan view showing another exemplary embodi-
ment of a display apparatus according to the invention; and

FIG. 9 is an enlarged plan view showing an exemplary
embodiment of a pixel shown in FIG. 8.

DETAILED DESCRIPTION OF THE INVENTION

The invention is described more fully hereinafter with ref-
erence to the accompanying drawings, in which exemplary
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the exemplary embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art. In
the drawings, the size and relative sizes of layers and regions
may be exaggerated for clarity.

It will be understood that when an element or layer is
referred to as being “on” or “connected to” another element or
layer, it can be directly on or connected to the other element
or layer or intervening elements or layers may be present. In
contrast, when an element is referred to as being “directly on”
or “directly connected to” another element or layer, there are
no intervening elements or layers present. Like numbers refer
to like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, com-
ponents, regions, layers and/or sections, these elements, com-
ponents, regions, layers and/or sections should not be limited
by these terms. These terms are only used to distinguish one
element, component, region, layer or section from another
region, layer or section. Thus, a first element, component,
region, layer or section discussed below could be termed a
second element, component, region, layer or section without
departing from the teachings of the invention.

Spatially relative terms, such as “below,” “lower,” “above,”
“upper” and the like, may be used herein for ease of descrip-
tion to describe one element or feature’s relationship to
another element(s) or feature(s) as illustrated in the figures. It
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4

will be understood that the spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. For example, ifthe device in the figures is turned over,
elements described as “below” or “lower” other elements or
features would then be oriented “above” the other elements or
features. Thus, the exemplary term “below” can encompass
both an orientation of above and below. The device may be
otherwise oriented (rotated 90 degrees or at other orienta-
tions) and the spatially relative descriptors used herein inter-
preted accordingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms,
“a,”“an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “includes” and/or “includ-
ing,” when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

Hereinafter, the invention will be explained in detail with
reference to the accompanying drawings.

FIG. 1 is a block diagram showing an exemplary embodi-
ment of a display apparatus according to the invention, FIG.
2 is a plan view showing an exemplary embodiment of a
display panel shown in FIG. 1, FIG. 3 is an enlarged plan view
showing an exemplary embodiment of a pixel shown in FIG.
2, FIG. 4 is a cross-sectional view taken along line I-I' shown
inFIG. 3, and FIG. 5 is an enlarged plan view showing portion
AA shown in FIG. 3.

Referring to FIGS. 1 to 4, a display apparatus includes a
display panel DP, a signal controller 100, gate drivers 200R
and 200L, and a data driver 300.

The display panel DP displays an image. The display panel
DP may be various display panels, such as a liquid crystal
display panel, an organic light emitting display panel, an
electrophoretic display panel, an electrowetting display
panel, etc. In the exemplary embodiment, the liquid crystal
display panel will be described as the display panel DP as a
representative example.

As shown in FIGS. 2 to 5, the display panel DP includes a
first substrate 10, a second substrate 20 facing the first sub-
strate 10, and a liquid crystal layer 30 interposed between the
first substrate 10 and the second substrate 20.

Referring to FIG. 2, a plurality of first lines is disposed on
the first substrate 10 to be extended in a first direction D1 and
aplurality of second lines is disposed on the first substrate 10
to be extended in a second direction D2 crossing the first
direction D1. In the exemplary embodiment, the first lines are
referred to as gate lines G, to G,,, and the second lines are
referred to as data lines D, to D,,,.

The first substrate 10 includes a display area AR in which
an image is displayed and a non-display area NAR disposed
adjacent to at least a portion of the display area AR. The
display area AR includes a plurality of pixels PX arranged
therein. Each of the pixels PX includes a plurality of sub-
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pixels SPX. In one exemplary embodiment, as an example,
each pixel PX may include the sub-pixels SPX arranged in
two rows by three columns.

As shown in FIGS. 2 to 5, each sub-pixel SPX includes a
thin film transistor TFT, a pixel electrode PE, and a common
electrode CE. The common electrode CE may be disposed
between the thin film transistor TFT and the pixel electrode
PE in a cross-sectional of the display panel DP.

FIGS. 3 to 5 show one pixel among the pixels PX as a
representative example. Hereinafter, the pixel electrode PE
and the sub-pixels SPX will be described with reference to
FIGS.3to 5.

The thin film transistor TFT is connected to a correspond-
ing gate line of the gate lines G, to G,,, and a corresponding
data line of the data lines D, to D,,. The thin film transistor
TFT serves as a switching device to output a data signal in
response to a gate signal.

The gate lines G, to G,,, are disposed on the first substrate
10. The thin film transistor TFT includes a gate electrode GE
branched from the corresponding gate line of the gate lines G,
to G,. That is, the gate electrode GE has a protruded shape
protruded from the corresponding gate line of the gate lines
G, 10 Gy,

A gate insulating layer 11 is disposed on the first substrate
10 to cover the gate lines G, to G,,, and the gate electrode GE.

The thin film transistor TFT includes an active layer AL
disposed on the gate electrode GE while interposing the gate
insulating layer 11 therebetween. When viewed in a plan
view, the active layer AL is overlapped with the gate electrode
GE. The active layer AL may include a metal oxide material
having a semiconductor property. In other words, the active
layer AL includes at least one of zinc oxide, zinc tin oxide,
indium zinc oxide, gallium zinc oxide or zinc indium gallium
oxide.

The data lines D, to D,, are disposed on the gate insulating
layer 11. The thin film transistor TFT includes a source elec-
trode SE branched from the corresponding data line of the
data lines D, to D,,. The source electrode SE is partially
overlapped with the gate electrode GE and the active layer AL
in a plan view. In the exemplary embodiment, for instance, as
shown in FIG. 5, the source electrode SE has alength L1 in the
first direction D1 larger than a width W1 in the first direction
D1 of'the gate electrode GE and crosses the gate electrode GE
when viewed in a plan view.

In addition, the thin film transistor TFT includes a drain
electrode DE spaced apart from the source electrode SE when
viewed in a plan view. The drain electrode DE is partially
overlapped with the gate electrode GE and the active layer AL
in the plan view as is the source electrode SE. In the exem-
plary embodiment, as an example, the drain electrode DE has
a length 1.2 in the first direction D1 larger than the width W1
of'the gate electrode GE and crosses the gate electrode GE in
the plan view.

When the drain electrode DE and the source electrode SE
cross the gate electrode GE in the plan view, a capacitance
between the drain electrode DE and the gate electrode GE and
a capacitance between the source electrode SE and the gate
electrode GE are uniform. Accordingly, a variance of kick-
back voltage occurring on the sub-pixels SPX may be
reduced.

A protective layer 12 and an organic layer 13 are sequen-
tially disposed on the first substrate 10 to protect the drain
electrode DE, the source electrode SE and the data lines D, to
D,,. The protective layer 12 may be omitted.

The organic layer 13 includes an organic material such as
an acryl resin to serve as a planarization layer. The common
electrode CE is disposed on the organic layer 13. The com-
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6

mon electrode CE may be disposed on the organic layer 13
except for an area corresponding to a contact hole CTH.

An insulating layer 14 is disposed on the common elec-
trode CE, and the pixel electrode PE is disposed on the insu-
lating layer 14. As shown in FIG. 4, since the common elec-
trode CE is disposed between the thin film transistor TFT and
the pixel electrode PE, and between the pixel electrode PE
and the data lines D, to D,,, a parasitic capacitance caused by
the pixel electrode PE may be reduced.

The pixel electrode PE is connected to the drain electrode
DE through the contact hole CTH as shown in FIGS. 3 to 5.
The pixel electrode PE receives the data signal through the
drain electrode DE.

The pixel electrode PE includes a plurality of slits SL, and
is a single, continuous, indivisible member. In one exemplary
embodiment, for instance, the pixel electrode PE may include
three slits as shown in FIG. 3. In addition, the pixel electrode
PE may be divided into two portions, e.g., first and second
portions PE1 and PE2. When viewed in a plan view, the
second portion PE2 is bent from the first portion PE1. The first
portion PE1 and the second portion PE2 are inclined by a
predetermined angle with respect to a reference lien RL. The
first portion PE1 and the second portion PE2 have different
areas from each other. In the exemplary embodiment, the first
portion PE1 may have a planar area larger than that of the
second portion PE2 as shown in FIG. 3. The reference line RL.
is positioned at the same position of each of the sub-pixels
arranged in the same row among the sub-pixels SPX arranged
in two rows by three columns.

Inthe sub-pixels SPX arranged in adjacent columns to each
other among the sub-pixels SPX arranged in the same row, the
first portion PE1 and the second portion PE2 may be differ-
ently arranged in different positions. In detail, the first portion
PE1 and the second portion PE2 of the sub-pixel SPX
arranged in a first column SPXC1 among the sub-pixels SPX
arranged in a second row SPXI.2 are respectively positioned
at an upper position and a lower position with reference to the
reference line RL. The first portion PE1 and the second por-
tion PE2 of the sub-pixel SPX arranged in a second column
SPXC2 among the sub-pixels SPX arranged in the second
row SPXL.2 are respectively positioned at the lower position
and the upper position with reference to the reference line RL.
The first portion PE1 and the second portion PE2 of the
sub-pixel SPX arranged in a third column SPXC3 among the
sub-pixels SPX arranged in the second row SPXL.2 are
respectively positioned at the lower position and the upper
position with reference to the reference line RL.

The sub-pixels SPX may further include color filters CF,
respectively. The color filters CF respectively disposed in the
sub-pixels SPX may have different colors from each other.

Among the sub-pixels SPX arranged in two rows by three
columns, the sub-pixels SPX arranged in one of three col-
umns include a red color filter, the sub-pixels arranged in one
of three columns include a green color filter, and the sub-
pixels arranged in one of three columns include a blue color
filter.

In one exemplary embodiment, for instance, each of the
sub-pixels SPX arranged in the first column SPXC1 includes
the red color filter R (refer to FIG. 6), each of the sub-pixels
SPX arranged in the second column SPXC2 includes the
green color filter G (refer to FIG. 6), and each of the sub-
pixels SPX arranged in the third column SPXC3 includes the
blue color filter B (refer to FIG. 6).

The color filters CF may be disposed on the second sub-
strate 20 facing the first substrate 10 while interposing the
liquid crystal layer 30 therebetween. The color filters CF
respectively corresponding to the sub-pixels SPX may be
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disposed corresponding to the pixel electrodes PE. Each of
the color filters CF may have the same planar area as and face
a corresponding pixel electrode of the pixel electrodes PE.

A black matrix BM is disposed on the second substrate 20.
The black matrix BM is disposed corresponding to and over-
lapping the data lines D, to D,,. The color filters CF adjacent
to each other in the plan view with reference to the black
matrix BM, may make contact with each other, as illustrated
in FIG. 4.

In the exemplary embodiment, the common electrode CE
is disposed on the first substrate 10 and the color filters CF are
disposed on the second substrate 20, but they should not be
limited thereto or thereby. That is, the common electrode CE
and the color filters CF may be disposed on the second sub-
strate 20 and the first substrate 10, respectively.

Hereinafter, a connection structure between the sub-pixels
SPX, the gate lines G, to G,,,, and the data lines D, to D,, will
be described in detail with reference to FIGS. 2 and 3.

Among the sub-pixels SPX ofa single pixel PX arranged in
two rows by three columns, the sub-pixels SPX arranged in
one of three columns are respectively connected to two gate
lines among three gate lines that are successively arranged. In
addition, the sub-pixels SPX arranged in one of three columns
are connected to a remaining gate line among the three suc-
cessive gate lines. In this case, the expression that “the sub-
pixel is connected to the gate line” means that the thin film
transistor included in the sub-pixel is connected to the gate
line.

In detail, as shown in FIG. 3, the sub-pixel SPX arranged in
the first row SPXI.1 and the first column SPXC1 among the
sub-pixels SPX is connected to a first gate line G,_;, among
three gate lines G,_;, G,z -and G,z ;, and the sub-pixel SPX
arranged in the second row SPXI.2 and the first column
SPXC1 is connected to a third gate line G,,, among three
gatelines G, _;, G,xand G, ;. The sub-pixel SPX arranged
in the first row SPXI1 and the second column SPXC1 and the
sub-pixel SPX arranged in the second row SPX[.2 and the
second column SPXC2 are connected to a same second gate
line G, among the three gate lines G,x_;, Gz and Gog., ;-

The sub-pixels SPX arranged in the third column SPXC3
among the sub-pixels SPX are connected to different two gate
lines among the three gate lines G, _;, G,z and Gyg,,
respectively. In detail, the sub-pixel SPX arranged in the first
row SPXL1 and the third column SPXCS3 is connected to the
first gate line G,z _; and the sub-pixel SPX arranged in the
second row SPXT.2 and the third column SPXC3 is connected
to the second gate line G,

Two sub-pixels arranged in each of the first, second, and
third columns SPXC1, SPXC2, and SPXC3 are connected to
two data lines different from each other and adjacent to each
other among four successive data lines D), D,,,, D,,,, and
D.,s.

]Particularly, as shown in FIG. 3, the two sub-pixels SPX
arranged in the first column SPXC1 are respectively con-
nected to first and second data lines D, and D,,, among the

J+1
four successive data lines D,, D ,;, D,,,, and D, 5, the two

j+3°
sub-pixels SPX arranged in the second column]SPXCZ are
respectively connected to second and third data lines D, , and
D,,, among the four successive data lines D, D, ,, D,,,, and
D,, 5, and the two sub-pixels SPX arranged in the third column
SPXC3 are respectively connected to third and fourth data
lines D, , and D, ; among the four successive data lines D,
D, ;D5 and D, ;.
Referring to FIG. 1 again, the signal controller 100 receives
image signals R, G and B and control signals from an external
graphic controller (not shown). The control signals include a

vertical synchronization signal Vsync, a horizontal synchro-
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nization signal Hsync, a main clock signal MCLK, and a data
enable signal DES. The signal controller 100 processes the
image signals R, G and B and the control signals in consid-
eration of an operation condition of the display panel DP and
generates gate control signals CONT1 and data control sig-
nals CONT2.

The gate control signals CONT1 are applied to the gate
drivers 200L. and 200R. The gate control signals CONT1
include a vertical synchronization start signal indicating an
output of a gate on pulse (e.g., a high period of the gate
signal), a gate clock signal controlling an output timing of the
gate on pulse, an output enable signal determining a width of
the gate on pulse, etc.

The data control signals CONT2 are applied to the data
driver 300. The data signals CONT2 include a horizontal
synchronization start signal indicating an input of image data
R', G'and B, aload signal indicating an application of the data
signals to the data lines D, to D,,, an inverting signal inverting
a polarity of the data signals, and a data clock signal.

The display apparatus includes the two gate drivers 200L
and 200R. One gate driver (hereinafter, referred to as first gate
driver) 200L is connected to a portion of the gate lines G, to
G,,, and the other gate driver (hereinafter, referred to as sec-
ond gate driver) 200R is connected to remaining portion of
the gate lines G, to G,,,.

The first and second gate drivers 200L. and 200R receive
the gate control signals CONT1 to apply the gate signal
including a gate on voltage Von or a gate off voltage Voff to the
gate lines G, to G,,,.

The first and second gate drivers 200L. and 200R face each
other while interposing the display area AR therebetween and
may be directly in the non-display area NAR according to
embodiments. The gate lines connected to the first gate driver
200L may be odd-numbered gate lines G, to G,_, and the gate
lines connected to the second gate driver 200R may be even-
numbered gate lines G, to G,,,, however they should not be
limited thereto or thereby. That is, the first gate driver 200L
may be connected to the even-numbered gate lines G, to G,
and the second gate driver 200R may be connected to the
odd-numbered gate lines G, to G,,_, according to embodi-
ments.

Each of the first and second gate drivers 2001, and 200R
includes a plurality of shift registers (not shown). The shift
registers are directly on the first substrate 10, and may be
formed substantially when the thin film transistor TFT is
formed. In one exemplary embodiment, the first and second
gate drivers 200l and 200R may be directly on the first
substrate 10 during a thin film process for the thin film tran-
sistor TFT, instead of mounting separate gate driving chips on
the first substrate 10.

The data driver 300 is connected to the data lines D, to D,,
and converts a reference voltage GVDD into the data signals
to apply the data signal to the data lines D, to D,,. The data
signals applied to the data lines D, to D, are applied to the
pixel electrodes PE of the sub-pixels SPX through the thin
film transistors TFT.

Hereinafter, an exemplary embodiment of a method of
driving the display apparatus will be described with reference
to FIGS. 6 and 7. FIGS. 6 and 7 show the gate lines G, to
G\ @s an example.

The odd-numbered gate lines G, ; to G, 5 transmit the
gate signal in a direction different from a direction in which
the even-numbered gate lines G,z to Gz, c transmit the gate
signal. The odd-numbered gate lines G, ; t0 Gy, 5 CON-
nected to the first gate driver 2001 transmit the gate signal
from the left side of the display panel DP to the right side of
the display panel DP, and the even-numbered gate lines G, - to
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G, connected to the second gate driver 200R transmit the
gate signal from the right side of the display panel DP to the
left side of the display panel DP.

The sub-pixels SPX including the red color filter R are
applied with the same gate signal in the unit of row, and the
sub-pixels SPX including the green color filter G are applied
with the same gate signal in the unit of row.

In detail, the thin film transistors TFT related to the sub-
pixels SPX arranged in the same column and including the
same color filter are turned on during the same time period
even though the sub-pixels SPX arranged in the same column
and including the same color filter are arranged in different
rows from each other. Thus, a horizontal line or a vertical line
may be prevented from being perceived.

The data lines D, to D,, may be divided into odd-numbered
data lines and even-numbered data lines. As shown in FI1G. 6,
the odd-numbered-data lines receive the data signals having a
polarity different from a polarity of the data signals applied to
the even-numbered data lines. As an example, the odd-num-
bered data lines may be applied with the data signals having
a positive (+) polarity and the even-numbered data lines may
be applied with the data signals having a negative (-) polarity.

According to the connection relation of the sub-pixels SPX
and the data lines D, to D,,, although the polarity of the data
signals applied to the data lines is inverted in the unit of data
line, the polarity of the data signals applied to the sub-pixels
SPX is inverted in a dot-inversion scheme. That is, the sub-
pixels SPX adjacent to each other are applied with the data
signals having different polarities from each other. Accord-
ingly, the polarities of the sub-pixels SPX applied with the
data signals may be optimized, thereby improving the display
quality of the display apparatus.

The first gate driver 200L sequentially applies the gate
signal to the odd-numbered gate lines Gz_, *° G,z 5 and the
second gate driver 200R sequentially applies the gate signal
to the even-numbered gate lines G, 10 G,z 6.

As shown in FIG. 6, after the second gate driver 200R
firstly outputs the gate signal to the first gate line G, of the
even-numbered gate lines G,z t0 Gz, the first gate driver
200L secondly outputs the gate signal to the first gate line
G,z of the odd-numbered gate lines G,z_; 10 Gop, 5.

Further, as shown in FIG. 7, after the first gate driver 200L
firstly outputs the gate signal to the first gate line G,,_, of the
odd-numbered gate lines G,z ; t0 G,i, s, the second gate
driver 200R secondly outputs the gate signal to the first gate
line G, z-ofthe even-numbered gate lines G, 10 G4, 6. Inthis
case, the gate lines G, * G, s sequentially receive the
gate signals without any connection or relation between the
gate lines G,z_, to G,x, c and the first and second gate drivers
200L and 200R.

FIG. 8 is a plan view showing another exemplary embodi-
ment of a display apparatus according to the invention and
FIG. 9 is an enlarged plan view showing an exemplary
embodiment of a pixel shown in FIG. 8. In FIGS. 8 and 9, the
same reference numerals denote the same elements in FIGS.
1 to 7, and thus detailed descriptions of the same elements
will be omitted.

Referring to FIGS. 8 and 9, a display panel DP" includes
the first substrate 10, and the second substrate 20 facing the
first substrate 10. The first substrate 10 includes a plurality of
gate lines G", to G",,, and a plurality of data lines D, to D,,
crossing the gate lines G"; to G",,,.

Inthe display area AR, a plurality of pixels PX" is arranged.
Each of the pixels PX" includes sub-pixels SPX arranged in
two rows by three columns. Each sub-pixel SPX includes a
thin film transistor TFT, a pixel electrode PE and a common
electrode CE.
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As shown in FIGS. 8 and 9, each of the gate lines G", to
G",,, includes a first line portion GL-1, a second line portion
GL-2, and a connection line portion GL-3. A first gate line
G", of the gate lines G", to G",,, includes only the first line
portion GL-1 directly connected to the first gate driver 200L
and an n-th gate line G"n of the gate lines G", to G",,, includes
only the second line portion GL-2 directly connected to the
second gate driver 200R.

The first line portion GL-1 is disposed adjacent to a first
side of the pixel electrode PE and the second line portion
GL-2 is disposed adjacent to a second side of the pixel elec-
trode PE. Accordingly, the first line portion GL-1 and the
second line portion GL-2 face each other while interposing
the pixel electrode PE therebetween. The first line portion
GL-1 and the second line portion GL-2 are disposed in the
display area AR.

The connection line portion GIL.-3 is disposed in the non-
display area NAR to connect the first line portion GL-1 and
the second line portion GL-2. The connection line portion
GL-3 is connected to one of the gate drivers 200L and 200R.

As described with reference to FIG. 9, the sub-pixels SPX
arranged in one column of three columns are connected to one
gate line among the three successive gate lines. In this case,
the expression that “the sub-pixel is connected to the gate
line” means that the thin film transistor included in the sub-
pixel is connected to the gate line.

One sub-pixel of the sub-pixels arranged in the one column
is connected to the first line portion GL-1 of the one gate line
and a remaining one sub-pixel of the sub-pixels arranged in
the one column is connected to the second line portion GL-2.

In the exemplary embodiment, for instance, as shown in
FIG. 9, the sub-pixel SPX arranged in the second column
SPXC2 and the first row is connected to the second line
portion GL-2 of the second gate line G,, and the sub-pixel
SPX arranged in the second column SPXC2 and the second
row is connected to the first line portion GL-1 of the second
gate line G,

The sub-pixels SPX arranged in the first column SPXC1
may be connected to different gate lines from each other. The
sub-pixel SPX arranged in the first column SPXC1 and the
first row may be connected to the first line portion GL-1 ofthe
first gate line G, ;, and the sub-pixel SPX arranged in the
first column SPXC1 and the second row may be connected to
the second gate line G, ;.

Each pixel PX" according to the exemplary embodiment
includes a pixel electrode PE including a plurality of slits SL.
In addition, the pixel electrode PE may be divided into first
and second portions PE1 and PE2 with reference to a refer-
ence line RL.

The first portion PE1 may have the same planar area as that
of'the second portion PE2. The reference line RL is positioned
atthe same position of each of the sub-pixels SPX arranged in
the same row among the sub-pixels SPX arranged in two rows
by three columns

Although the exemplary embodiments of the invention
have been described, itis understood that the invention should
not be limited to these exemplary embodiments but various
changes and modifications can be made by one ordinary
skilled in the art within the spirit and scope of the invention as
hereinafter claimed.

What is claimed is:

1. A display apparatus comprising:

a first substrate including a display area which displays an
image, and a non-display area adjacent to the display
area;

a plurality of gate lines which is on the first substrate and
receives a gate signal;



US 9,293,097 B2

11

a plurality of data lines which is on the first substrate and
receives a data signal, wherein the data lines are insu-
lated from the gate lines and cross the gate lines; and

aplurality of pixels, each of the pixels including sub-pixels
in two successive rows by three successive columns,

wherein, among the sub-pixels in the two successive rows
by the three successive columns,

the sub-pixels in one of the three successive columns are
respectively connected to a first pair of different gate
lines among three successive gate lines and display a
first color, and

the sub-pixels in a different one of the three successive
columns are connected to a remaining gate line among
the three successive gate lines and display a second color
different from the first color.

2. The display apparatus of claim 1, wherein the sub-pixels
in a remaining one of the three columns are respectively
connected to a second pair of different gate lines among the
three gate lines and display a third color different from the
first color and the second color.

3. The display apparatus of claim 2, wherein the sub-pixels
in a same column are connected to two data lines, which are
respectively adjacent to the sub-pixels in the same column,
among the data lines.

4. The display apparatus of claim 3, wherein

the gate lines are divided into odd-numbered gate lines and
even-numbered gate lines, and

the odd-numbered gate lines transmit the gate signal in a
first direction different from a second direction in which
the even-numbered gate lines transmit the gate signal.

5. The display apparatus of claim 4, wherein

the data lines are divided into odd-numbered data lines and
even-numbered data lines,

the odd-numbered data lines receive the data signal having
a positive polarity or a negative polarity, and

the even-numbered data lines receive the data signal having
a polarity different from that of the odd-numbered data
lines.

6. The display apparatus of claim 4, further comprising:

a first gate driver which is in the non-display area and
applies the gate signal to the odd-numbered gate lines;
and

a second gate driver which is in the non-display area and
applies the gate signal to the even-numbered gate lines.

7. The display apparatus of claim 6, wherein

each of the sub-pixels displaying the first color in a single
one of the three columns comprises a red color filter, and
each of the sub-pixels displaying the second color in a
different single one of the three columns comprises a
green color filter.

8. The display apparatus of claim 7, wherein each of the
sub-pixels displaying the third color in a remaining single one
of the three columns comprises a blue color filter.

9. The display apparatus of claim 6, wherein

the first gate driver sequentially applies the gate signal to
the odd-numbered gate lines,

the second gate driver sequentially applies the gate signal
to the even-numbered gate lines, and

the second gate driver applies the gate signal to a first gate
line of the even-numbered gate lines after the first gate
driver applies the gate signal to a first gate line of the
odd-numbered gate lines.

10. The display apparatus of claim 6, wherein

the first gate driver sequentially applies the gate signal to
the gate lines which transmit the gate signal in the first
direction, and
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the second gate driver sequentially applies the gate signal
to the gate lines which transmit the gate signal in the
second direction.

11. The display apparatus of claim 1, further comprising;

a second substrate which faces the first substrate; and

a liquid crystal layer between the first substrate and the
second substrate.

12. The display apparatus of claim 11, wherein each of the
sub-pixels in the two successive rows by the three successive
columns comprises:

a thin film transistor which outputs the data signal in

response to the gate signal;

a pixel electrode including a first portion, a second portion
which continuously extends from the first portion and a
plurality of slits, wherein the pixel electrode receives the
data signal; and

a common electrode between the thin film transistor and
the pixel electrode.

13. The display apparatus of claim 12, wherein the thin film

transistor comprises:

a gate electrode which protrudes from one of the gate lines
in a first direction, when viewed in a plan view;

an active layer on the gate electrode;

a source electrode which is on the active layer, protrudes
from one of the data lines in a second direction which
crosses the first direction when viewed in the plan view,
and partially overlaps the gate electrode; and

a drain electrode which is on the active layer, spaced apart
from the source electrode in the first direction, extends in
the second direction and overlaps the gate electrode.

14. The display apparatus of claim 13, wherein the active
layer comprises a metal oxide material having a semiconduc-
tor property.

15. The display apparatus of claim 12, wherein a planar
area of the first portion of the pixel electrode is greater than a
planar area of the second portion of the pixel electrode.

16. The display apparatus of claim 15, wherein

a reference line divides the pixel electrode into the first
portion and the second portion is at a same position of
each of the sub-pixels in a same row of the sub-pixels,
and

one of the sub-pixels among sub-pixels in the same row and
in adjacent columns to each other includes the first por-
tion above the reference line and the second portion
below the reference line, and a remaining one of the
sub-pixels in the same row and in the adjacent columns
includes the second portion above the reference line and
the first portion below the reference line.

17. The display apparatus of claim 12, wherein each of the

gate lines comprises:

a first line portion adjacent to a first side of the pixel
electrode in a plan view;

a second line portion adjacent to a second side opposite to
the first side of the pixel electrode, in the plan view; and

a connection line portion which is in the non-display area
and connects the first line portion and the second line
portion.

18. The display apparatus of claim 17, wherein one of the
sub-pixels displaying the second color in the different one of
the three successive columns is connected to the first line
portion, and a remaining one of the sub-pixels displaying the
second color in the different one of the three successive col-
umns is connected to the second line portion.

19. The display apparatus of claim 18, wherein a planar
area of the first portion is the same as a planar area of the
second portion.
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20. A display apparatus comprising:
a first substrate including a display area which displays an
image, and a non-display area adjacent to a portion of the
display area;
a plurality of gate lines which is on the first substrate and
receives a gate signal;
a plurality of data lines which is on the first substrate and
receives a data signal, wherein the data lines are insu-
lated from the gate lines and cross the gate lines; and
aplurality of pixels on the first substrate, each of the pixels
including sub-pixels in two successive rows by three
successive columns,
wherein, among the sub-pixels in the two successive rows
by the three successive columns,
the sub-pixels in one of the three successive columns are
respectively connected to a first pair of different gate
lines among three successive gate lines, and the first
pair of different gate lines transmit the gate signal in a
first direction along pixel rows, and

the sub-pixels in a different one of the three successive
columns are connected to a remaining gate line
among the three successive gate lines, and the remain-
ing gate line transmits the gate signal in a second
direction different from the first direction along the
pixel rows.
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